Brief communications 483 mal ontogeny. This proposed cell type may be separate from the population(s) of cells that supports viral replication during early gestation without obvious pathology. Studies are underway to test this hypothesis and other possibilities.
Pseudorabies virus (PRV) causes a major disease in swine. 7 latently infected carriers and can spread to susceptible ani-Animals that recover from an infection usually become carmals. This latency-reactivation cycle enables PRV to perriers of the virus in a nonproductive state, commonly known petuate in the swine population. An understanding of the as latency. Infectious virus can be reactivated from these latency process would facilitate the development of intervention methods to eradicate PRV. A DNA-based polymerase chain reaction 10 (PCR) that de-From the Virology Swine Research Unit, National Animal Disease tects the PRV genome has been developed to assess laten-Center, USDA, Agricultural Research Service, PO Box 70, Ames, cy. 1, 2, 9, 14, 15 However, the presence of PRV DNA is a necessary IA 50010. but not sufficient criterion for determining PRV latency be- Received for publication January 31, 1994. cause virus replication could be occurring at a very low level. Locations of the gII mRNA and the primer sets. The expected PCR product for P1/P2 is 776 bp and the product for P3/P4 is 590 bp. C. Location of LLT with the intervening sequence is indicated by a raised dotted line. The PCR product of primers LLT-1 and LLT-3 is 513 bp and that of CM3·1 and LLT3·1 is 251 bp. P1 = 5'-TGT·ACG·TGC·AGA·ACT·CCA·TG; p2 = 5'-GAC·ATG·TAC·CGG·ATC· ATG·TC; P3 = 5'-GAC·AAC·GAG·CTC·CTC·ATC·TC; P4 = 5'-TTG·AGC·GTC·TTC·GTC·GTG·AC; LLT-1 = 5'-CAT·AAA·GCC· AGT·TGA·AGA·CGG·GG; LLT-3 = 5'-TAG·AGG·GTC·TTG·GGG·ATG·TTG·G, CM3·1= 5'-TCT·CCA·CAA·ACG·AAG·CGT· CG; LLT3·1 = 5'-GTC·CTG·GTG·GGA·TGT·AGA·TG.
During the latent state, only a restricted region of the PRV genome is transcribed. 3, 8, 12 A spliced and polyadenylated RNA, designated the large latency transcript (LLT), has been detected in the trigeminal ganglia of latently infected swine. 4 This RNA species may serve as a diagnostic marker for PRV latency. In particular, the splice junction of LLT is targeted ( Fig. 1 ) because the RNA PCR product is easily distinguished from the much larger product derived from the DNA template that contains the intervening sequence of 4.6 kilobases.
In this investigation, an RNA-based PCR protocol to detect LLT was developed ( Fig. 1C ). All PCR reagents were obtained from 1 commercial source, and the procedures used were essentially the same as described by the manufacturer with minor modifications. a First-stage PCR was carried out with the rTth reverse transcriptase RNA PCR kit in the presence of 250 ng of total RNA and the primer set (LLT-3 and LLT-1). The cDNA synthesis step was performed with LLT-3 in the presence of a wax gem pellet at 70 C for 20 minutes. After the addition of LLT-1 and glycerol (10% [v/ v] final concentration), the amplification step was conducted as follows: 96 C (2 minutes), 95 C (1 minute) 60 C (1 The expected product is 513 base pairs (bp) long. Secondstage PCR (or DNA PCR) was carried out with the Amplitaq-PCR kit using the hot start technique in the presence of the internal primer set (CM3·1 and LLT3·1), 1 µl of a 1:100 dilution of the first-stage product, and 10% glycerol. The conditions for amplification were identical to that as described for first-stage PCR. The expected product is 251 bp long. The samples (10%) were electrophoresed in 1% agarose gel and visualized after staining with ethidium bromide.
Trigeminal ganglion DNA 15 and RNA 6 were isolated from 2 pigs (L2 and L3) previously determined to be latently infected with PRV. Both animals had been exposed to 2 x 10 6 plaque-forming units/nostril of PRV-Indiana Funkhauser (InFh) at 4 weeks of age. After virus replication had ceased, as determined by plaque assay on tonsil swab samples, 9 PRV was reactivated from both animals during dexamethasone treatment. 9 This treatment was initiated 79 days postinfection (pi.) and continued for 5 days. On day 122 p.i., when virus could not be recovered by tonsil swabs of these animals CM3·1 (B) . Sizes of the predicted PCR products are indicated on the right. on several occasions prior to necropsy, the trigeminal ganglia were collected. The presence of PRV DNA in trigeminal ganglion tissue was determined by a DNA PCR protocol (1 µg cellular DNA per reaction), which targets on the glycoprotein gII gene. 13 The gII gene was chosen because it is essential for virus replication, and the primer set P3/P4 was used (Fig. 1B) . PRV DNA was demonstrated in the trigeminal ganglia of both L2 and L3 but not in an uninfected animal (N) ( Fig. 2A ). By first-stage age RNA PCR with primer set LLT-3/LLT-1, a product of 513 bp was observed in L2 and L3 but not in the control N sample (Fig. 2B ). The specificity of these products was demonstrated by hybridization 3 with the internal oligomer LLT3·1 (Fig. 2C) .
In trigeminal ganglion RNA samples, a small amount of latent PRV DNA may be present. To be certain that the 513bp fragment did not originate from the viral genome, purified genomic PRV-InFh DNA 11 was analyzed under identical conditions. The RNA sample (treated with DNaseI) yielded the 513-bp fragment, whereas the input viral DNA (treated with RNaseA) yielded a smaller fragment of 450 bp (Fig. 3A) after first-stage PCR. Upon second-stage PCR with the nested primer set CM3·1/LLT3·1, the RNA sample yielded the expected product of 251 bp and no specific band was observed in the input DNA sample (Fig. 3B) . Thus, the 450bp band originates from another part of the PRV genome, and it is nonspecific with respect to LLT. This 2-stage, nested PCR procedure was used to detect LLT in a set of latently infected trigeminal ganglion RNA samples (treated with DNaseI) that harbor approximately 100-fold less PRV DNA than L2 and L3 (data not shown). Aliquots of these samples were also examined for the pres- P4 (B) . Sizes of the predicted PCR products are indicated on the right. ence of gII mRNA by a similar nested PCR procedure with appropriate gII primer sets (Fig. 1B) . Primer P2 was used in the cDNA reaction. To demonstrate that the gII-specific primers are capable of detecting the gII gene, samples containing genomic PRV DNA were included in these experiments. Furthermore, it is expected that gII mRNA, as a control, is not expressed during latency. The expected PCR products from the first-stage primer set P2/P1 is 776 bp and the product from the second-stage primer set P3/P4 is 590 bp.
After first-stage PCR (Fig. 4: panel I, A and B) , none of the trigeminal ganglion samples (lanes 1-4 for both panels) yielded a signal for LLT or for gII mRNA. Input PRV DNA yielded a 450-bp band (nonspecific for LLT) in the reaction for LLT ( Fig. 4: panel IA, lane 6) and a 776-bp band in the reaction for the gII DNA gene template ( Fig. 4 : panel IB, lane 6). DNaseI treatment was effective in degrading the input PRV DNA and those samples did not yield any amplified product (lane 5 in both panels). Upon second-stage PCR (Fig.  4 : panel II), 3 of 4 trigeminal ganglion RNA samples yielded the LLT-specific 251-bp band (Fig. 4: panel IIA, lanes 14) . The input PRV DNA, treated (lane 5) or untreated (lane 6) with DNaseI, did not give a signal. In the reaction for gII mRNA (Fig. 4: panel IIB) , all the trigeminal ganglion RNA samples (lanes 1-4) These experiments demonstrated that during PRV latency LLT, but not gII, RNA can be detected in the trigeminal ganglia of swine. Because LLT is the only transcript detected during the latent state, this RNA is an essential marker for assessing PRV latency. 3, 8, 12 It is equally important that mRNAs that are transcribed during virus replication be absent, and the gII gene is an appropriate choice because it is required for productive infection. In this report, a 1-stage and a 2-stage PCR protocol specific to the LLT splice junction are described. As shown, the nested PCR procedure is superior to the single-stage procedure both in sensitivity and specificity. However, a quantitative RNA PCR protocol is needed to define the limits of detecting LLT. tions of brain from suspect animals. 3 Individually, none of the expected microscopic lesions, which include neuronal degeneration, neuronal vacuolation, astrocytosis, and spongiform degeneration, is pathognomonic for TSE. Thus, in situations where only 1 or 2 of the changes are observed or the lesions are sparse, the diagnosis becomes quite subjective. An additional factor complicating diagnosis is the variable topographic distribution of lesions in the brain. Such variation may be due to differences in the host species and strain of agent involved or differences in pathogenesis within groups of animals. 1 Microscopic diagnosis is also dependent on satisfactory preservation of tissue, which means that tissue must be obtained soon after the death of the animal and imme-
